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AFFECTIN2 TEE DIRECTIONAL STABILITY MSD TRIM

CHAR.ACTERISTICS OF A FIGHTER- TYPE AIRPLANE

By Harold H. Sweberg, Eugene R. Guryansky
and My H. Lange

Tests were made in the Langley full-scale tunnel of
the {~j7J,l,lKI&Ln xl?~l+~~. airplane j-n Ol?del?~0 i12VC+S~igtitethe
factors tlmt a.f’feetkhe clirectl.on.al stability and trim
characteristics of a t~~ical fL@te~-ty~e air:~lan-e. Eight
re~resentatfve fli.~1~ conrli~j-ons were investigated in detaiL
The separate contributions of the w~ng-f’uselage combination-,
the vertical tail, and.the propeller to the directional
stability of the airplane in each condition were determined.
Extensive air-flow surveys of sidewash angle .cracldyne.rrjic-
pressure ratio alon~ a line coincident with the rudder
hinge li. ile were made for each (:~ndition investigated to
aid ir;evaluat;.n.gthe slipstream effects . The data obtained
from t12eair-flow surveys ~l:erealso used to investi~ate
methods for calculating the contribution of the vertical
tail to the airplane directional stability.

The results of the tests s’fiowedthat, for the cor.di-
tions investigated, the directional statiility of the air-
plane was smallest for the gltdin-g condition with flaps
retracted and was greatest for the wave-off’ condition with
flaps deflected 50°. The variation of si.dewash angle at
the vertical tail with angle of’yaw was destabilizing for
all conditions investigated. Propeller operation increased
the magnitude of ’the destabilizing sidewash but, at small
angles of yawj also ir.creased tb.e dynamic pressure at the
vertical tail sufficieiltly to make t.’hecombined effect
stabilizirlg. The lateral displacement of the slip-
stream with- respect to the vertical tail at angles of yaw
larger than approximately &lO” caused a reduction in the
contribution of the vertical t,ailto tineairplane direc-
tional stability at positive angles of yaw and an increase

.
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at negative angles of yaw. Flag deflection tended to
increase the directional stability of the airplane
regardless of the condition of propeller operation.

!lTnerudder deflection required for directional trim
was greatest for the wave-off conditiori with the flaps
deflected. joo. The large changes in the directional trim
of the a.irplar.eresulting froripropeller operation are
primarily due to the effects of the slipstream. on the
wing-fuselage combination ar~don the vertical tail and
are only secondarily due to the direct effects of the
propeller forces.

I N TRO DU C TI O N

The importance of the effects of propeller operation
on the directional stability and trim characteristics of
an airplane is well know~.. Past experience has shown
that the directional trim is usually critical for a take-
off or low-speed climb condition in which high propeller-
thrust and.torque coefficients produce large increments
of yawing-mom.eritcoefficient. For such conditions, a
pilot may often find that, because of t’nelarge trim
changes involved., he has insufficient rudder control and
is unekle to maintain the desired he~dirl~. The directional
stability is usually lowest for a condition of high angle
of attack and low power, during which the contribution
of the vertical tail to directional stability is lowest
because of the low slipstrearl velocity and the relatively
large loss in dynamic pressure due to the fuselage and
canopy wakes.

Analyses have been wade in the past of wind-tunnel
data on directional stability and control (references 1
and 2) but these analyses were based mair.ly on the
results of scattered tests of a large number of airplanes
and airplane models and did not include any systematic
test results showing the effects of propeller operation
on the directional stability and control characteristics
of a single desi~. In particular, only meager data were
available to show the effects of px’opaller OperatiOn on
the air flow in the regj.onof the vertical tail. In
order to obtain some systematic wind-tunnel-test data
relative to these effectss an investigation was conducted
in the Langley full-scale tunnel on the Grumman XF6F-~.
.airplane~ The investigation included measurements of the
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d.irect”i.onal-stablli ty”=n”dcontrol chaiqacteri-stiesof the
airplane for a wide range of tli.ghtconditions. For each
flight condition investigated, t,estswere made of the
complete airplane, of the airplane without propeller, of
the airplane without vertlc“alta51, &nd of the airplane
without both prope her and,vertical tail. The separate
contributions of the propeller, the vertical tail, and
the wing-fuselage combination to the airplane directional
stai~ility and trim co’v.ld,thus be evaluated. In addition
to these force tests, measurerneiltswere made of the
dynamic pressure and the anpjularityof the air flow at
the vertical tail. Particular attentton was given to
these air-flow measui’ements inasmuch as the available
data
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on this su”bject are very limited.
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lift coefficient (L/qQS)

la-beral-force coefficient (Y\qoS) .

yawing-moment coefficient (N/qoSb)

thrust coefficient (Te/2q~D2J

torque coefficient (q,,2qoD$

force along

force alone;
right

moment about
turn nose

Z-aXl.s; positive wb.en acting upward

Y-axis; positive when acting to the

Z-aX~S; positive when it tends to
to right

effective propellsr thrust
(%

- ~!
)

resultant force along X-axis with propeller
operating

force along X-axis, propeller removed

propeller torque

propeller diameter (13.08ft)
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Ct
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a

wing area (334 Sq ft)

vertical-tail area (19.0 sq ft as defined in text)

distance from airplane center of gravity to
quarter-chord point of mean vertical-tail
chord ~ measured parallel to fuselage refer-
ence line (1.9.5f%)

wfng span (42.83 ft )

span of vertical tail surface (4.25 ft as defined
in text)

section chord of vertical tail

angle of yaw, degrees; positive with left wing
forward

angle of attack of fuselage reference line relative
to free-stream. direction, degrees

an~le of flap deflection, de~rees

angle of rudder deflection, degrees; positive when
trailing edge of rudder is moved to left

propeller blade angle at 0.75 radius or angle of
sideslip,degrees

sidewash angle, degrees; positive when flow is
from right to left when airplane is viewed
from rear

0 average sidewash ar,glealong rudder hinge lineav
w~ighted for chord and dynamic pressure, degrees

/ 1
~“bt

la

/
av = I

).% ~dbt,
(@qo)av ‘t’C) Ct ~C) /

doav

T
rate of change of average sidewash angle with

angle of yaw

q local dynamic pressure.

!10 free-stream dynamic pressure
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-ratioof local-dynamic press.ur.e.t.o.fkee-stream
dynamic pressure

average dynamic-pressure ratio along rudder
hinge line weighted for chord

(
(Q,qo)a; :[tc,~d%)

indicated, airspeed

rate of change
degree

rate of change

degree

rate of change
coefficient

rate of change
degree

of Cn with respect to ~, per

of CY with respect to ~, per

of vertical.-tail normal-force
with angle of attack$ per degree

of Ca with.respect to ~ry per

rudder deflection at zero yawing-moment coef-
ficient, degrees

lateral-force coefficient at zero yawing-
moment coefficient

Subscripts:

t vertical tail

P propeller

s slipstream

av average

A.. —
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Tests were made of the Grumman XF61?-4, which is a low
midwing single-place fighter airplane wei@Lihg about
11,400 pounds and equipped with a.Pratt & Whitney R-2800-27
engine rated at 16OO horsepower at 2400 rpm at an altitude
of 5700 feet. The rear portion of the fuselage is wedge
shaped, and the gap between the rudder and fin is sealed.
The maximum rudder travel is i330. A three-view drawing
showing the principal dimensions and areas of the airplane
is given j.nfigure 1 and photograph.s of the airplane
mov.nted in the Langley full-scale tunnel are given in
figure 2.

~~r some of’ the tests, the vertical tail was removed
and the gap left by its removal was faired to the contour
of the fuselage b~ a sheet of aluminum, A sketch showing
the tail fairing superimposed. on the vertical tail surface
is given iilfigure 3, l~(~+ic}lShOWS also the principal
dimensions of the vertical tail surface.

The ai-r-flowmeasurements were obtained by means Of
tk~ecombined yaw, pitch, and pitot-static tube shown in
detail in figure ~. Photographs of this instrument
mounted in position for the air-flow measurements are
given in figure 5.

ME T HO D S AND TESTS

All the tests were made with the airplane landing
gear retracted and the cowling flaps closed at a tunnel
airspeed of approximately 60 ‘milesper hourj which corre-
sponds to a Reynolds number of approximately 1+,380,000
based on a mean wing chord of ~.80 feet. The ailerons
and elevators were locked at O“ deflection for all tine
tests and th~elanding flaps were locked at 50° when
deflected. No atte~vptwas made to duplicate tile‘t-blow-
up ~~ landing flaps. ‘Thedirectional1!c:flaracterfStiCSof ‘“-J

stability and tri~.characteristics of tb.eairplane were
obtained for ths eight representative flight conditions
outlined in table 1.

Directional-stability me.asuremen.ts.- The directional
stability characteristics of the airplane, for each flight
condition, were investigated by measuri~-g the forces and
moments on the airplane at approximately 5° increments

-.
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“~”f”~gle ‘of yaw,between i15°, which was ,themaximum yaw-
~gle range possible with the’prwsent airfilane-support
setup i.nthe Langley full-scale tunnel; For each of the
eight conditions, tests were made of.the airplane with
the propeller both removed and operating and with the
vertical tail surface both removed and in place.

Jlireytional-trimmeasurements.- The directional trim
character~stics of the airplane were deterinined from
rudder-effectiveness tests. Only four of the conditions
listed in table I were investigated; namely, the landing,
the wave-of’f, the gliding, and the low-speed climb
(vi = 98 mph) conditions. lludder-effective~.ess tests

also were rnad,efor similar conditions wit-nthe propeller
removed.

Aj.r-Tlowmeasurements .- Surveys of the velocity and
angularity of th~”~~p—f~ in the re~ion of the vertical
tail were made for all the conditions listed in table 1.
At each angle of attack, surv’eyswere xade for :~ropeller-
rem.ovedand propeller-operating conditions at angles of
yaw Of apPro~i~ately ~oj ~~o, tlOO, and t15°.’ The surveys
were made with the vertical tail surface replaced by the
tail fairing and consisted of measurements taken every
6 inc]:lesalong a line coinci%nt with,the rudder hinge
line and.extending from approxi].nately~i.inches above the
tail la~ring to approximately 12 inches above the top of
the vertical tail surface. (See fig. 30 )

Power-on tests .- l?orthe power-on tests, it was
desired to s=~ the variations shown in figure 6 of
thrust and torque coefficient with lift coefficient for
constant-power operation at sea level. It was found that
these relatj,,onships could very nearly be produced with
a constant propeller-blade-angle setting of 24.8° measured
at the 0.~5 radius; hence this blade-angle setting was
used for all the tests with the propeller operating. A
co-mparison of the variation of thrust coefficient with
torque coefficient for constant-power operation and for
the propeller vith a blade-angle setting of 2)4.8°measured
at the 0.75 radius is shown in fi~ure 7. For the idling-
power conditions, the engine was run at the lowest speed
considered possible (700 rpm) without fouling the engine
spark plugs. The thrust and torque coefficients thus
obtained.for the idling-power conditions were 0.01 and
0.00j, respectively.
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Accuracy of test results.- The accuracy of the results——. —.—.—
of’the force tests is shown by tb.escatter of the test
potnts. The accuiracjr of the combined yaw, pitch and
pitot-static tube is estimated to be about ~0.25* for the
yaw- ard p!tch-angle rieasurernentsand about tO.Olqo for
the dynamic-pressure measurements. Deviations of the
test results from zero for apparently symmetrical condi-
tions are probably due to differences in the airplane on
the two sides ~f’the plane of synwtr;y and to asymrne,tries
in the tunnel flow.

The data are given in standard nondimensional-
coef’ficient form with respect to the stsbility axes and
the center-of-gravity location shown in fi~ure 1. Tha
stability axes are a system of axes having their origin
at the center oJ? ~ravity and in which the Z-axis is in
the plafieof symmetry and perpendicular t~ the relative
wind, the X-axis is in the plane of symmetry and perpen-
dicular to the Z-axis, and the Y-axis is per~endicular
to the plane of symmetry.

>

The presentation of the test results and the analysis
of the data have been grouped into two main sections. The
first section gives results showing the directional
stability characteristics of the complete airplane for
the various flight conditions investigated and an analysis
of the effects of the wing-fuselage combination the
vertical tail, and the nropeller on the airplane direc-
tional stability. The ~esults of the air-flow measure-
ments in the region of the vertical tail also are included
in this section. ‘I’hesecond section presents rudder-
effectiveness date.from which the directional trim char-
acteristics of the airplane have been determined.

DIMCTIONAL ST.ABTLITY

The results of the force tests made to determine the
directional stability characteristics of the airplane for
each of the eight test conditions listed in table I are
gf.venin figure 80 Each part of figure 6 skAowscurves
of Cn and CY against W for one specific flight
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the oompldx- airplane, for.the airplane with
the propeller removed, for the airplane with the vertical
tail removed, and for the airplane with both the propeller
and the vertj,caltail removed. No test points are shown
in figure 8 for the p~opeller-removed data, inasmuch as
these data were obtained, from faired curves. Values
of %2~ and CYtiffor the complete airplane in each

.
flight rattitid~.,invesfxiga.ted-are given in table 1.

Before a detailml. discus-stin-.is-presentedof the
various factors -t~~t ~ffect the.e;ir~ctional stability
characteristics of the.airplane, a few of theoutskarlding
trends indicated by the test re%ud.ts--o.f,.f.igure8 are
listed as follows:

(1) The-direct icm.1--stabillty --p.a.ran?ete??.~,, at

small angles of’yaw (between t5°) is smallest fox the
gliding..c.on.ditionwith flaps.reizracted... For this con-
dition,. Cn,,= -0.000,ij,

4

(2) The directi-ond.-~t~bility parameter, at small
angles of ‘yaw, is lar~est for the-.b@jh--powe_r-condit.i.on
with flaps.deflected (v’avemf~.wti~tij..on). For this
-c.onditbn, Cn = -0.00147.

*

(3) For the cmndi.tions+wfihhigh th-ruti‘coeff’iciats,
the dtrect+onal stability decreases at angles of yaw
~retiwt han’a~xima~.ely 10° s.12LIJu5w3ases--oat n-ega%ive
angles o.f-yaw.greater than--a~praximat.ely-10 .

(~)T?kp -deI?lec%im tends_b inorease -the%&r.pla.m
Mrertional stability.

Tai1 with Propeller. Removed

l,llin.g-fuselageConlbination.- Values. of % ~ and” Cy+—— &
.fp.r.QIe..wing-fdse1age “combinati-onare-shmn..~lok-ted in
figure 9 as a function of angle of attack for flaps
ret~d and f.1.a,ps.-de,fleck.ed5Cl”. These .V~U.OS -Of...%

lJ-
.q.nd-cl-i,were obtained from the-”results shown in fig-

ure 8 for ‘We. airplari~,.wi.ththe +m?cpeller and t-he-+e+4xLcal
t&i.1.+emved. The variati.cm-of,yming-m.oment- toe~fictent.

,. :
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with angle of yaw of the wing-fuselage combination with
flaps retracted is unstable for the angle-of-attack range
investigated. Increasing the angle of attack, however,
decreases the unstable yawing-moment variation of the
wing-fuselage coinbination. A further decrease in the
unstable yawing-moment variation occurs with flap defect-
ion and causes the wing-fuselage combination to become
stable at angles of attack greater than about 8°. This
increase in stability with increasing angle of attac’k
and flap deflection is probably due partly to an increase
in directional stability of the wing alone with increasing
angle of attack (fig. 8 of reference 3) and partly to an
increase in the directional stability caused by a favorable
effect of the wing-fuselage interference (figs. 4 and 5
of reference 4).

The variation of Iatera.1-f’or’cecoefficient with angle
of yaw for theewing-fuselage cornbi’nationis positive for
the range of angle of attack and flap deflection investi-
gated. Increasing the angle of attack and deflecting the

fla??s decreases the rate o.fchange of’ lateral-force coef-
ficient with angle of Yaw.

Air-flow surveys.- ThJenresults of the air-flow
measu?e~nts for the propeller-removed conditio-ns are
given in figure 10, which shows the variation with
height above the fuselage ,alon.gthe rudder hinge line
of the sid.ewash angle o and.the dynamic-pressure
ratio !l/qo for angles of yaw of approximately OC),*5°,
*1OO , and ~15°. V“eighted average values of the sidewash
angle ar.ddynamic-pressure ratio along the rudder hinge
line are given in table 11.

The surveys (fig. 10) show that, for this airplane,
the variat~-on of average sidewash angle at tb.evertical
tail with angle of yaw. do/’d$ was ,
(d.estabilizing ).

in general, positive
The data show that the direction of

flow from tk,efuselage wake and air beside it (region in
which sharp loss in dynamic pressure occurs) :s strongly
destabilizlrlS. Inasmuch as the vertical-tail chord is
largest near the fuselage, the effect of the flow in this
region on the contr~bution of the vertical tail to the
airplane directional stebilit.y should predominate. The
flow above the fuselage wake appears, in most cases, to
be slightly destabilizing for negative ~gles of yaw and
to have little effect on the stability at positive angles
of yaw. Increasing the angle of attack or deflecting the
flaps tends to increase the destabilizing effect of the



—

NACA ARR No. L5H09 11

-sidewasb~. These results are, in general, ..contr.aryto the
results published. in reference ~, whi.ci~indtcate that the
sidewash is usua:ly stahtltz,iilgfor lov~-winG air~~la.nes.
The d~..~crep~n~ynay be due to the fact that, for the
present serfss af tests, the .horj.zont.altail amd c.an.opy
were in place and ti~arear porti.cn of’tk.e fuse-lagawas
wedge shaped; where as the tests of reference 5 were made
on-a smooth ciPcular fus,elagewith no horizontal tail.

T%e data.given tn table 111 show that the d.ynamic-
pressure ratio at the vertical t,~.i1 has its.m.inirrmrnva].ue
at small angles of yaw and increcses as the angle of yaw
is in,c.reased in either direc”i~ion. For any Civen angle
of yaw, ~ the verticel tail to the a.ir-the contribut:-or.0.
plane directional stab~lity is directly proportional to
the dyr.emit-pre~sure ~~.ti~at that an@e o.fyaw. At small
angles of yav: (between tj”) the vertjcal tail lies directly
in the path of the f’usel.ageand canopy wa”kes and hence
@q for these ,contii.tions reaches its rrlininm.mvalu9.
As ?he angle .of yaw is incressed in ,~it]-lerdirection,’the
vertical tai1 moves away fror.the fuseIage and canopy
wakes and @lo incre~ses. Inasmuch as the fuselage
boundary-layer and carlGP~wakes inCretiSeWith: inCreaS.i.Ug”
angle cf attack, the loss in -@l. at the tail increases
with fi.ncreasing angle .of.aktack. ,.

Vertical tail. - 13xperimental increments of yawing-
mowlen.tand lateral-force coefficients clueto the vertical
t.a.ilwere obtained from the data of figure 8 for the
propeller-removed conditions and are shown plotted in
figure,s11 and 12 for all the airplaile attitudes investig-
ated. Figures 11 and 12 show also incremerlts of yawing-
,moment and lateral-force coefficients due to the \’ertical
tail that were computed on the‘basis of the results of
the air-flow surveys.

The force-test data ~qn~w thn,t the contribution of
the vertical tail to the airplane directional stability
iS lower in, the yaw-angle. range between -5° and 5° than
at the-higher angles of yaw and$ in addition-sthe.contri-
bution of the vertical tail decreases with increasing
angle nf att.ac’kand flap deflection. Fumerical values
for the’slopes C

‘w.
- and GY@& are given in table 111.

The trends-..shown try{hese reaul~s are in agreement with
the co~.clusions drawn from the results of tb.eair-flow
surveys.
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An analysis has been made of the results of the air-
flow surveys and the force tests in order to investigate
methods for computing the contribution of the vertical
tail to the airplane directional stability. The incre-
ments of yawing-moment and lateral-force coefficients due
to the vertical tail are given by the following expres-
sions:

(1)

(2)

The values of ‘av and (Q/’qo)a,7in eq’~ation(l),wb.ich

~~ere d..etei-min.er.ji from the air-flew Sui”veys, are assumed
to apply to the sri~all.area below VileI..owerlimit of the
air-flow measurements .

1
The results of the ai%flow surveys - when used in

conjunction with the rec~omnen.dationsgiven in reference
With j-egard.to the determination of the tail areas tail
span, and tail lift-curve slope - were found to give
~7al~de~ of Cnt ar~~ Cyt that averaged a’bout20 percent
larger than the values cbtai.nedby the force tests. The
values of the vertical-tail area and verttca.1-tail span
determined by the methods cf’reference 1, however, include
areas in excess of that part of the vertical tail a“~ove
the fuselage. The surveys iild.icatedthat the contribu-
tion of these a.rea.sto the airplane directional stability
would be small because of the large d.esta’bilizingside-
wash and low dyn~.mic pressure in that reg~.on. Conse-
ql~ently,for fl~rther calculation.s, the area of the vertical
tail was corisidered equal to the actual vertical-tail area
rem~ved from the airplane during the tests (St = 19 sq ft)
and the span of the vertical tail was considered equal to
the height of the vertical tail above the top of the tail
fairing (bt = ~;.25 ft). (See fig. j.) All tineterms of
equat~-on (1) except (dC1y@@ t are known from either

the surveys or the force tests. The term (dCN\@a )t

includes the end-plate effect of tb.e horizontal tail. and
fuselage on the vertical tail (refere-nces 1 and 6)
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anodifie.dby.,the,.interference ef.f~ct,,0$the vertical tail
on the fuselage. The lift-curve slope ”fo’r’=aii”i’sol”ated
tail may be determined from figure 3 of reference 1 as
a function of tail aspect ratio. The analysis of the
results of the force tests and the air-flow surveys
revealed that the geometric aspect ratio of the vertical
tail bt2\St should by multiplied by 1.55 to account for
the end-plate and interference effects. Although this
value is numerically the same as that recommended in
reference 1, the agreement is coincidental in view of the
difference in definitions of tail area and tail span. The
comparison given in figures 11 and 12 of the increments
of Cn and CY due to the vertical tail, as determined
from the force tests and as calculated, from equations (1)
and (2) by use of the air-flow-survey data and the correc-
tion factor of 1.55 for the geometric aspect ratio of the
vertical tail, is given to show the range of application
of the present method for the XF’6F-4 airplane. Good
agreement is obtafned for the complete range of angle of
attack and yaw for all conditions investigated.

In order to calculate the contribution of the vertical
tail to the airplane directional stability, the variation
of sidewash angle and dynamic-~ressure ratio with angle
of yaw must be known because f“

()d~N d(w - aav)(~qo)av St ~
c =-—
nl~ da t

——
d$ S b,

(3)
t

and

(4)

Equation (3) shows that the contribution of the vertical
tail to the airplane directional stability is directly
proportional to the derivative of \V-~avjfq\qoJav with
respect to the angle of yaw: The term (v-~ av)(q/qo)av,
which is designated the air-flow factor, is shown plotted
in figure 13, and average values of the slopes
d~$ - 0avj(\q/qojav betm,een ~= -50 and ~= to

dw are

given in table III. This table indicates also the effect
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on the contribution of t~.evertical tail to the airplane
directional stabiltty of the decrease i.nthe derivative
of the air-flow factor with angle of attack and flap
deflection. For test conditions with flaps deflected 50°,
the d.estsbiiizing effect of the sidewash and the loss
in q/q. is sufficient to reduce the contribution of
the vertical tail to the air~lane directional stability
‘~yabout 50 percent of the value that wOUld be obtained

d(~ - Oav)(q/qo)av
if were equal to 1.0. The com-

Ci*
-parisongiven in table III of’tke values of Cnl and

Vt

~Ywt
Ol>tained fro~i the force tests and calculated from

equations (3) and (~!-)by USe of the air-flow-survey data
and the tori-ection factor of 1.55 for the geometric tail
aspect ratio ‘shows fairly good.agreement between these
slopes.

Effects of ??ropeller Operation

The total increments,,of yawing-moment and lateral-
force coefficient% due to~ropeller operation are given
in figure lb for each of the cor.ditions investigated.
These increments were obtained. f~or,the experimental. data
plotted in figure 8 aild are the differences in Cll
and cy for the co:~plete airplane with the propeller

o!~er’stingand tb.epropelier removed.

For the aj.rolanewith fhaps retracted (fig. lb.(a)),
propeller oneration was destabilizing at angles
of yaw from about -10° to l~”; the f.notability was
greatest at large posit:ve angles of yaw. At angles of
yaw between -106 an~L -15°, propeller operation gave a
stable variation of ACnm ag~in~t *O None of the

effects of propeller ope~ation was pro-oortional to the
power applied or to the tkrust coefficient; in fact, at
small angles of yaw (between *50), the insta’bil.i”by
caused by propeller operation was about tineSame for
all cent.itions, regardless of the thrust coefficient and
angle of a.ttacka The effect of Propeller operation on
the cl.irectionalstability of the airplane with flaps
deflected 50° at small angles of yaw (fig. lb-(b))was,
in general, to increase the stability for the wave-off
cordition, to decrease the stability for the landing
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condition slightly, and to cause no appreciable change
.—-inthe stability for.th~;,.landxng-appro~+chcondition. The

average increase in directional stability-dfie-’t’o”’-’p”i+opeller
operation for the wave-off condition (rated power,
Tc = 0.51), at angles o.fyaw between *50, was very large

(ACnV = “oooolo5\* .

P //

The effects of propeller operation on the directional
stability characterist$:@A,of the airplane can be con-
veniently considered ur@,er the following groups:

(1) Direct’effect of the propeller forces on
the airplane directional stability

[2) Effects of the propeller slipstream on the
contribution of the wing-fuselage combination to the
airplane directional stability

(3) Effects of the propeller slipstream on the
contribution of the vertical tail to the airplane
directional stability

Direct effect of propeller forces.- Methods for
computing the direct effect .~f the propeller forces on”
the variation of lateral-for~e and yawing-moment coef-
ficient with angle of yaw are given in,reference 7. The
dashed lines shown in figures 15 and lb are increments
of c

?
and Cy due to the propeller forces that were

calcu ated by ‘equation (7) of reference 7. (The pro-
peller side-force factor was 99,2.) The calculations
show that the direct effect of the propeller forces is
to decrease’the airplane directional stability for all
conditions investigated. This effect is greatest for the
low-speed climb condition

(CL = 1939s Tc = 0.51), for
which the decrease in directional stability due to the
isolated propeller is 0.00038.

Effect of slipstream on wing-fuselage combinationi-
The effects of,the propeller slipstream on the laterar-
force and yawing-moment variations with angle of yaw of
thewing-fuselage combination may be indirectly obtained
from.the experimental results. The increments of Cn ,
and Cy, due to.propeller operation for the airplane with
vertical tail removed, increments which were obtained
from the force tests, are shown by the solid lines in
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figures 15 and 16 for each condition investigated. These
increments include the direct effect of the propeller
forces and the effects of the passage of the slipstream
over the wing-fuselage combination+ The difference between
the solid and the dashed lines in figures 15 and 16 are
therefore presumed to be due only to the effects of the
slipstream on the wing-fuselage combination.

The data show that for all conditions with the flaps
retracted, at angles of yaw between ~5°, the slipstream
effects on the wing-fuselage combination caused destabi-
lizing variations of yawing-moment coefficient with angle
of yaw. At the low thrust coefficients this effect was
small; at Tc = 0.51, howeverJ the slipstream caused a

destabilizing increment of cnW of about 0.00047. For

P
the flaps-deflected conditions, the directional stability
of the airplane was not changed appreciably by the slip-
stream effects og the win~-f’uselage combination for angles
of yaw between 5 and -158 but was considerably decreased
for angles of yaw between 5° and 15°.

Effect of Slipstream on air flow in region of vertical

tail.- The results of the surveys with the propeller
=ating are given in fig&es 17(a) to 17(e) for the
flaps-retracted conditions and in figures 17(f) to 17(h)
for the conditions with flaps deflected 50°. lJ!eighted
average values of the sid.ewashangles and the dynamic-
pressure ratios at the vertical tail determined from
these surveys are given in table IV.

For all conditions investigated, the variation of
the average sidewash angle at the vertical tail with
angle of yaw was generally destabilizing (positive dffav~d$).

The destabilizing effect of the sidewash appeared to
increase with thrust coefficient and angle of attack and
to decrease with flap deflection. (See table IV. ) The
most iw.portant factor contributing to the destabilizing
effect of the sidewash is the flow from the fuselage
boundary layer, which exists in the region in which,
for the present airplane$ the vertical-tail chord is
largest. The destabilizing sidewash in the region of
the fuselage boundary layer was smaller in magnitude for
the flaps-deflected conditions (figs. l?(f) to 17(h))
than for the flaps-retracted conditions (figs. 17(a)
to ~7(e))* The data show that the ai”pflow at the VertiCal

tail in the region above the fuselage boundary layer is
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dependent on the conditions of propeller operation, As
-the-thrust coef-ficient..increased..from..,one,_conu.itiQn,.to
another, the sidewash in this region became increasingly
negative (flow from left to right when airplane is viewed
from the rear). This effect may be accounted for by the
slipstream rotation. The vertical tail was in the region
of the rotating flow from the upper half of the propeller,
which for right-hand propeller operation caused.the air
to flow from left to right. A further effect of the pro-
peller rotation was a lateral displacement (toward the
right) of the slipstream in the region of the vertical
tail due to the t~ngential-velocity components of the
rotating flow. The result was that,as the a~.rplanewas
yawed nose left (negative yaw), the vertical tail tended
to move into the center of the slipsttieam and the side-
wash became increasingly negative; as the alrpla.newas
yawed nose right, however, the vertical tail tended to
move away from the center of the slipstream and the side-
wash became decreasingly negative. These tendencies
ind~.cate that increasin~ the slipstream rotation tends
to increase the destabilizing effect of the sidewasb~.

The effect of the increased d.ynam~c pressure at the
vertical tail due to the propeller slipstream was to
increase the contribution of the vertical tail to the
atrplane directi~nal stability, i.nasguch as the average
sidewash was never large enough to cause the contribution
of the vertical tail to be destabilizing.
(fig. 17) snowed that the

Surveys
disposition of the slipstream

at the vertical tail was such.that the maximum dynamic
pressure occurred at the sections near the middle of the
tail for zero angle of yaw and at the sections about one-
third of the tail height above the top of the fuselage
for other angles of yaw. The dynamic pressure was a
minimum at the bottom of the vertical tail as a result
of the large dynamic-pressure losses due to the fuselage
and canopy wakes. The displacement of’the slipstream
with respect to the vertical tail, as the angle of yaw
is changed in either direction, cm be observed from the
dynamic-pressure measurements. The results (fig. 17
and table IV) show that the dynamic pressure at the
vertical tail is highest for negative angles of yaw
and is lowest for positive angleS of ya~N. These results
indicate that the contribution of the vertical tail to
the directional stabflity of the air_planewith the propeller
operating will be greatest at negative angles of yaw.

Effect of slipstream on vertical tail.- Experi.ment,al
increments of lateral-force and yawing-moment coefficients
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due only to the effects of the propeller slipstream on
the vertical tail surface were obtained from the data of
figure 8. The increments, which are the difference between
the increments of ~ and Cn due to the vertical tail

with the propeller operating and with the @repeller
removed, are shown in figure 18. In general, these
results substantiate the conclusions drawn from the air-
flow surveys in regard to the effects of the propeller
slipstream on the vertical-tail contribution to the air-
‘plane directional stability. The variation of ACnts

Wi t’h angle of yaw i s such as to decrease the airplane
directional stability at high positive angles of yaw
and to increase the directiorlal stability at high negative
angles of yaw. Except at Tc = 0.01, a.twhich the

effects of the slipstream are sm.all~the directional
stabiilty is increased for all conditions in the low-
yaw-mgle range (between i5°) as a result of the slip-
stream. This stabilizing effect of the slipstream at small
angles of yaw increases as the thrust coefficient increases.

The total increments of C12 and CY due to the

vertical tail are given in figures 19 and 20 for the con-
ditions with the propeller operating. These increments
were obtained from the data of figure 8 as the differences
between the propeller-opera-ti~ results mj-th the vertical
tail installed on the airplane and with the vertical tail
removed. Also shown in figures 19 a.nci20 are increments
of C12 and cYt that were calculated from equations(1)

t
and(2)by use of the air-flow-survey data with the pro-
peller operating and the effective lift-curve slope of
the vertical tail determined from the data for the
propeller-removed conditions, Curves sb.owing the varia-
tions of the air-flow factor with angle of yaw for the
propeller-operating conditions are given in figure 21.

The agreew.ent between the calculated and the experimental
result’s shown in figures 1? and 20 is good.

d(‘h - ~av)(q/qo)av
Ex-perirrentalvalues of the slope do 9

wk~ichis used in equations (3) and (4) for calculating
the contribution of the vertical tail to the airplaile
directional stability, are given in table V. These
values Show that the eff’ect of tb.evertical tail in
increasi-ng the airplane directional stability is greatest
for the conditions with the highest thrust coefficients
and d.ecre,asesas tb.ethrust coefficient decreases.

— —-— -II I m ~1 ImmII -II 1111111I ■ mII1-111 llmlmm
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Nkmerical values of C
‘w.

and Cy~ obtained from the
J..

%Pce “tests and’”calculs~~d ftiornequ~tions- (3) ant (4,)
by use of the air-flow-survey data and the tail ll.ft-
curve slope previ.ousl:~determined are also given in
table -V. The satisfactory agreement between tlw results
indicates that little change in the effective slope of
the lift curve of the tail occurs as a result of the
propeller slipstream.

DIPWICTTONAL TRIM

The results of the rudder-effectiveness tests are
given in figures 22(a) to 22(c) for the airplane with
the flaps retracted and the propeller operating to
simulate a gjlid.ingcondition and two low-speed climb
conditions and in figures 2.2(d) and 22(e) for the air-
plane with the flaps deflected 50° and the propeller
operati.-ngto simulate a landing and a wave-off condi-
tion. The results of the tests with the propeller
removed are given in figure 23 for the airplane witkl
flaps retracted and with flaps deflected 50°. The m,ore
important results of the rudder-effectivene ss tests are
summarized in figure 2~, whi~h shows curves of dCn/d5r,

()ar cn=o’
and

()GY Cn=o plotted against angle of yaw
.

for each condition investigated. All the values of the
slope d.Cn\d.5r were mes.sured at zero rudder deflection

as a basis for comparison.

For the propeller-removed conditions, dCn ~d~r
reaches its minimum value near zero angle of ya~ and ~
increases as the angle of yaw is increased in either
direction (fig. 24). The dynamic-pressure losses at
the vertical tail are greatest at zero yaw, and the
losses decrease as the angle of yaw is increased. in
either direction. For the propeller-operating conditions,
the rudder effectiveness increases as the thrust coef-
ficient increases from one particular condition to
another because of an increase in the dynamic-pressure
ratio at the vertical tail (fig. 24). For all the con-
ditions investigated with the propeller operating,
except the gliding condition with flaps retracted,
dCn\d6r attains its maximum value at high negative
angles of yaw and its minimum value at high positive
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angles Of yaw (fig. 24); the ‘dynamic pressure at the
vertical tail reaches its maximum value for high negative
angles of yaw and reaches its minimum value for high
positive angles of yaw. An analysis of the test results
showed that the values of dCn\dar are very nearly

directly proportional to the dynamic-pressure ratio at
the vertical tail.

The rudder deflections and angles of sideslip required
to trim simultaneously the airplane yawing moments and
lateral forces for each condition investigated were
determined from the data of’figure Zh and are given in
table VI. For the conditions with the propeller removed,
the data show that the values of Dr and ~ for zero
yawing-mornent coefficient are small. For the conditions
with the propeller operating the data show that the
rudder deflections required for directional triinare
greatest for the two low-speed high-power conditions.
(See table VI. ) These deflections, however, are con-
siderably lower than the maximum available rudder travel
on the Grumman XF6F-)J airplane.

The data show that the amount of rudder deflection
required for directional trim in any condition is
primarily dependent on the;effects of the propeller
slipstream on the ~wertical tail and on the wing-fuselage
combination and, to a lesser degree, on the direct effect
of the propeller forces. The increments of C!n and CY
at zero yaw due to the effects of the slipstream or.the
vertical. tail, the effects of the slipstream on the wing-
fuselage combination, and the direct effect of the pro-
peller forces are given in table VII for the wave-off
and low-speed climb conditio-ns. Of the total increment
of G’n at zero yaw due to propeller operation for the
low-speed-climb condition, 77 percent was due to slipstream
effects and 23 percent was due to the effects of the pro-
peller forces. For the wave-off condition, 98 percent of
the total increment of Cn at zero yaw due to propeller
operation was caused by slipstream effects.

The curves in figure 24 of (br)Cm=o against ~Y,

besides indicating the rudder deflecti~ns required to
trim the &irplane yawing moments, are a mea-sure of’the
airplane directional stability. The conclusions
regarding the airplane directional stability character-
istics, which are derived from these results, are sub-
stantially the same as those derived from,the curves of

—..
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figure 8 showing the vari~tions of Cn against $
.forn=br ..=.‘3... . ... .,— ,., ~..—,..___

SUM MA RYOFR ES ULTS

Data are”presented of measurements made in the
Langley full-scale tunnel on.the Grumman xF6F-4. airplane
to investigate the factors affecting the directional
stability and triri characteristics of a typical fighter-

type aj..rplane. Although these data are quantitative
for this particular- airplarie, the trends ~Lre believed to
be generally applicable to reasonably similar airplanes.
The results are summarized as follows:

1. For the cond.i.tionsinvestigated, the value of’
the dirscti.onal-stability parameter Cn~ at angles of

yaw between t5° v:assmallest for the gliding condition
with flaps retracted (C’nil,= -0.CWOl~) and was largest

for the wave-off conditibn with f’la:psdefleeted ~0°
((j =n.,j -o.oolh~), ‘flJiththe values measured in the

low--yaw-angle range used as a reference, the airplane
directional stability f“’orthe conditions with hi~h
thrust coefficients was decreased at lar,~e pos:tive
angle s o.f yaw and was increased a.t lar~e negative
anqles of ;;2.w.

2. For the XF6F-1).airplane, the variation of average
sidew9.sh angle at the vertical tail v~j.thangle of yaw
was generally such as to decrease the contribution of
the verttca.1tail to the airplane directional stahiiity.
Propeller operation increased the mgr.itude of the
destabilizing effect of the s,ldewa.shbut, at small angles
of yaw, also increased the dynamic pressure at t’he tail
suff’~-ciently to make the cedined effect stabilizing.

3. ‘!kl~ VTing-fUSela$jeCOTd>fnat”iOn with flapS retracted
was directior.ally unstable for the a~le-of-attack range
investigated. Increasing the angle of attack and
deflecting the fla:psdecreased the unsta.bl-evariati.oiaof
yawing-moment coefficient v;ith angle of yaw of the wing-
fuselage combiile.t.ion,

1~, For all the conditions inves-Ligated with the
flqs retracted, the contribution of the propeller
decreased the directional sta-ullity of the airplane at

~~l!iththe flaas deflected ~0°,atsmall Sliglesof yaw.
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small angles of yaw, the contribution of the propeller
incres.sed the airplane directional stability a-ppreciabl-y
for the wave-off condition, decreased. the airplane
directional stability slightly for the landing condi-
tion, and caused no appreciable change In the stability
foi~ the landing-appvoach condition,

5. The propeller slipstream increased the contri- “’
bution of the vertical tail to the airplane directional
st~.bility at small angles of yaw. As a result of the
lateral displacement of the slipstream with respect to
the vertical tail, the contribution of the vertical tail
to the airplane directional stability was greatest at nega-
tive ai~plesof yyaw arid.was sme.llest a.tpositive anglesof yaw.

6. The destabilizing contribution of the wing-
fusela.gecombination to the directional stability of the
airplane for the eond.itions with the flaps retracted, at
angles of yaw ‘between i5’>,was increased by the effects
of the propeller slipstream. The directional stability
of the airplane for the conditions with the flaps
deflected 50° was not changed appreciably by the slip-
str{aaweffects on the win~;-fu.selagecombination at angles
of yaw between 5° arid-15b but was considerably decreased
at angles of yaw between j“ and 15°.

7. The amount of rudder deflection required for
directional trim is prir,arily d.e~endent on the slip-
stream effects and only seconilar~llydependent on th~e
direct effect of the propeller forces. Of the totai
increrlentof yawinOc~-r,lomentcoefficient at zero yaw due
to propeller operation for the low-speed climb condition,
77 Percent ~~as’”d~eto slipstream effects and 23 percent
was due to the effects of tilepropeller forces. For
the wave-off condition, 98 percent of the total ii~crement
of yawing-moment coefficient a.tzero yaw due to propeller
operation was caused by sligstrea-m effects. The wave-of’f
condition, at a lfLft. coefficient of 1..39,required tb.e
Iar&est ali~ountof rudder defl<;ct~ollfor trim (&r = -18.50).

El.A comparison of the rssults of LL3 extensive airflOw
surve;yswitln tb~eresults of thleforce tests rc.adepc,ssiblethe
determination of a value for the effective-lift-c~.rve
slope of the vertical tail; tld.svalue permitted
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calculation of the contribution of the vertical tail to

the directional stability of the airplane within accept-

able limits.
.. ---. .,. . .=.—, _,.._., ,.. .. .. .
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TABLE 1.- VALUES OF C
‘o

A1’:DCyt FOR COMPLETE AIRPLAIUEWITH PROPELLMR OPERATING

Fn-
1 Climb

Climb

Climb

c limb

(21ide

Laildingapproach

L- Landing

Power

Rated (Tc = 0.05)

Rated (Tc = 0.11)

Rated (TP = 0030)

Rated {Tc = 0.51) \

Idling (Tc = 0.01)

0.65 rated (Tc = 0.33)

Rated (Tc = 0.51)

Idling (Tc = 0.01)

o 1.0

0 J3.1+

o 8.9

0 12.3

0 9.2

50 5.8

50 4.9

50 11.8

.—

CL

0.24

● 43

.96

1*39

.85

1“37

1“39

1.58

235 -o.o’90~o

176 -.00043

118 -.00046

9g -.00033

127 -.00015

99 -.00066

913 h--.00147

92 -.00046

a~raluesgiven for slopes are average values between ~ = 5° +and w = .

cYti
(aj-

0.0075

.0075

.0076

.0070

● 0043

● 0099

● 0197

.003s
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TABLE 11. - WEIGHTED AVERAGE VALUES OF SIDEWASH ANGLE.AND”D~~IC-PRESS~E RATIO AT zz
VERTICA1 TAIL; PR@P.~L5R REMOVED. %

b

N
u-l
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TABLE III.- COITT!TfBUTIONOF ~7ERTICALT.41LTO cYti
AND C ● PROPELLER FE!{OVED

‘O‘

1.0

3.4

8.9

9*2

12.5

1:..9

5.8

11.8

0.23

.l;.J

co● (J

.83

1.0/!$

]..ok

1.11

1.56

‘r
o ● 74

●55

---<7;*
,.

tf)fjts

0.0021

.0019

● 0012

,0012

.0010

.0011

,0010

.0012

t

Calculated -
from surveys

0.0019

.0019

,0015

,ool~

.0012

.0011

.0010

.0013

—..

Cn

(a
From force
tests

-0.00086

-.00089

-● ocm70

-.00058

-,00050

-.00060

-.03066

-● ooo~~~,

a
Values given for slopes are averag,evalues betvmerL ~ = 5° and $ = -5°,

XATIONAL .IDVISORY
COMMITTEE FOR AERONAUTICS

t

Calculated-
f’romsurveys

-0.00087

-.00084

-.00069

- ● 00066

-.00054

-.00051

-.00045

-.00059



TABLS IV.- WSIGHTEOAVERAGEVALUES OF SIDEWASRANGLE AND DYNANIC—PRSSSURR
RATIO AT TRE VERTICALTAIL; PROPELLEROPERATINQ

I

FLAPSRETRACTSD

‘av
()

~

()

q

()

~

()

~
Uav

()

‘1
‘av ‘av

q. *V g
‘av

(d~g) (deg) (deg) q. a,
●v (dea) q

0 av (deg) ~ av

Angh Or
yaw,~
(dog) = 1.00 a= 3.4° ~=8.y0 ~::o:; =12.50

c:=O.a CL=0.43 CL=0.96 CL . ;L=1.39
Ratedpower(TC=0.05)Ratedpower(TO=0.11)Rat.odPowen(Tc=0.30) TC=0.01 Rated power (Tc = 0.51)

-14.6 -2.2 1.16 -3.6 1.0
{

-7.3 2.18
l::

1.11 -12.4 2.51+
-9.9 -1.5 1.21 :;.~ 1.6 -5.2 1.8

i
1.10 -12.0 2.54

-g.l -.~ 1.16 1.17 -5.7 1.5 -2.1 1.00 2.29
1.12 -1:7 :$! ;.;~

~~.; :j
1.20 :~.~ 1.66 -1.1 .97

1.09 -1.1 1,.23 1.76
-2:1

~.;:
1.16 -. 1.31 1.71 ;:;

~:7 .:
-3: 1:61

14:7 1.05 1.4 .9 1.26 1.9 :97 -.J “1.38

FLAPSZEPLSC1’~50°

()
q

(-)

q=av
.()

‘1
~ rev u

(deg) (deg) q.av (d::) <
AngleOr av av
yaw,~
(dog) a~$.g$ = 5.80

CL . c; =
= 11.8°

1.37 :L= 1.58
Rated power (Tc = O.’jl) 0.65rated power (T. = 0.33) TC= 0.01

-$.$ -’7.9 2.74 1.87
-7.0 2.35 :2:; $!

1.29
1.73 1,11

.g:l -7.2 2.30 1.70
~;.; , 2.57 :t:l 1.72 -2:0

.98

5.0 2.53 -3.9 1.79
.95

10.0 :~:~ 1.73 -3.2 1.55
l:!!

~.gg

4.7 1.23 -1.5 1.19 1:00
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(G:g)

1.0

3*L

8.9

9.2

12.3

L
4.9

5.8

11.8

TABLE V.- CONTRIBUTE.ONOF VERTICAL TAIL TO C
%t

AND Cy c PROPELLEROPERATING
+t‘

CL

0:24
●43

.96

.83

1:39

1939

~*37

1.58

Power

Rated (Tc = 0.05)

Rated (Tc = 0.11)

Rated (Tc = 0.30)

!CC= 0.01

Rated (Tc = 0.51)

Rated (Tc = 0.51)

0.65 rated
(Tc = 0.33)

rc = 0.01
I

6f

(deg

o

(1

o

0

0

50

50

50
I

do

(a)

1.15

1.09

1.38

.70

1.42

1“77

1.31

.51

aValues given for slopes are average values between

Cy
wj

C%t

(a) (a)

From Calculated From Calculate
Corce from force from
tests surveys tests surveys

3.0025 .0.0023 I -0.0014 -0.00106

.0022I ● 0022
/ I -s000991 ‘900101

.0030 I .0028I -.001* I -.00128

.004 I .004
I

-.00062 I -.09065

.0025 .0029. -.00126 -.00131

.0039 .0036 -.00183 -.00164

.0032 .0027 -.00105 -.:00121

.0012 .0010 I -good-900047
*= 5° and ~ = -5°.

NATIONAL @VISORY
COMMITTEEFOR AERONAUTICS
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TABLE VI.- DIRECTIONALTRIM CHARACTERISTICSOF THE XF6F-4AIRPLANE

bf
P

Condition Power (C*6: 0;
(deg) (d:g ) CL

{Cn = 0;

CY = 0) = o)
(W) fieg)

-------- -

[

o 9.2 0.83 -0.3 0.6

--------- 0 13.0 1.08 .6 1.2
Propeller remove

---------

d I

50 5.6 1.09 -. 4 3.2

--------- 50 11.8 1.56 6.0 6.0

Climb Rated (TC = 0.30) o 8.9 .96 -11* 5 -7.6

Climb Rated (TC = 0.51) o 12.3 1.39 -15.0 -11.O

~1~de Tc = o.o1 0 9.2 .83 -3.0 4

Nave-off Rated (Tc = 0.51) 50 4.9 1.39 -18.5 -;:8

Landing’ TC = 0.01 50 11.8 1.58 -3*7 -. 4

z
o.

I
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TABLE VII.- INC~,MENTSOF Cn AND Cy AT ZERO YAW 1)~ TO

PROPEIZERoPERATION I

Condition I Power

t

Low-speed climb
(tlf= 00;
a = 12.3°;

1

Rated (Te = 0.51)

CL = 1“39)

Wave-off
(bf = 50°;

a = 4.9°; Rated (Tc = O.~l)

CL = 1-39) I

Increment due to
effect of slip-
stream on wing-

fuselage
combination

ACn

-0 ● 0022

-0.046

ACY

-0.064

-0.028

1
Inorement due t Increment due
effect of slip- direct effect
stream on verti- propeller

Cal tail forces

to
of

i.

ACn hey ACn ACY

“o.ol~ 0.016 0.0049 A-’-----

-0 ● 0100 0.018 -Om0010 -------

I

fiA~oNAL ADVISORY

COMMITTEEFOR AERONAUTICS
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Wing area (including ailerons, flops, and
48.5sq ftof body Oreo). . . .;. . ... . . . . . . ..334&7 ft

Control surfoce areas:
Full flop area (NACA slotted). . . . . . .3.98sq ft
Total “horizontal toil surface area . . 7Z84kq ft

Fin oreo (incl. 1.9 sq ft of contoined C’
rudder bolonce) . . . . . . . . . . . . . . . . . . .. f4.4’’sqft

Rudder oreo oft of hinge
(incl. 0.62 sq ff oftob). . . ..’ . . . . . . . . .9. OSqft

z
o
.x

Engine . . . . . . . . Prot t ond Whitney’ R-Z800-27
BHP normol rotin~ 1600 ot 2400 rpm at 5700, ff
Hamilton Stondord Hydromotic Propelle~

B/ode Design 6501 A-O
3.5~m+. chordline

Propeller geor rotio, 2:1
Gross weight, //, 400 lb

7’

r+l..... ~
42’/0”

(/:

, +39’ ia.
—.

7+” dihedral
,1

G 0t2?26mvc&MAC
{uselage reference line

NATIONAL ADVISORY
CONMITWE FOS USC41MTKS %

1-1.

Figure l.- Three -view drowing of the XF6F- 4 oirplone.
k.
P

.



(a) Front view.

Figure 2.- Grumman XF6F-4 airplane mounted in Langley full-scale tunnel,

z
>
c1
z-

z
0.
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(b) Side view,

Figure 2.- concluded,
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Secfion B-B

Section A ‘A
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Figure 3.- Sketch of empennage showing rehtion of toll foiring
fo vet?icul tail surface. (A// dimensions u.e given in

inches J
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. Line akowin 9 showing combined pikb, JQ w, ond pifo%htic

tube used for +he swvcys.
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(a) Three-quarter side

Figure 5.- Survey tube mounted in position for

z
0.

view.

air-flow measurements.
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[b) Top view.

Figure 5.- Concluded.
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NACA ARR No. L5H09 Fig. 6
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F7gure 8.- Directional- dabhty characteristics of

XF6F-4 airplane; RX&r boked ut

d’ when on owp’one.
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NACA ARR No. L5H09 Fig. 8d
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~1gure 8.- Continued



NACA ARR No. L5H09 Fig. 8e
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NACA ARR No. L5H09 Fig. 8f
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NACA ARR No. L5H09 Fig. 8g
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F/gure 9,- Con~r}buf/on
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NACA ARR No. L5H09 Fig. lla
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NACA ARR No. LFIP09 Fig. 12a
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NACA ARR No. L5H09 Fig. 12b
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